Abstract-An ultra-wideband (UWB) U type monopole antenna fed by a coplanar waveguide (CPW) is proposed. It has low profile and very compact size (14.48 mm × 28.74 mm × 0.8 mm). It provides an wide impedance bandwidth ranging from 3.08 GHz to about 12.75 GHz adjustable by variation of its parameters, such as the relative permittivity and thickness of the substrate, width, and feed and ground plane dimensions. Parametric study is presented. Details of the proposed ultra-wideband design are described. Simulation results are presented and discussed in this paper.
INTRODUCTION
UWB applications have gained much attention in the field of antenna designs because of the ultra-wideband feature for high data-rate applications [1, 2] . According to the FCC of definition of UWB, fractional bandwidth measured at −10 dB points > 20% or total bandwidth > 500 MHz [3] . And the commercial uses of frequency band 3.1 GHz to 10.6 GHz for radar, location tracing, and data transmissions were also approved by FCC in 2002 [4] . To satisfy such requirement various wideband antennas have been studied [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . But some of them cannot cover the whole bandwidth [5] [6] [7] [8] , the others may have quite complicated 3D structures [6, 9, 10] . Among many possible alternatives, monopole antennas have been extensively investigated because of their attractive features such as light weight, simple structure and ease of mass production and many results have been obtained [5, 9, [11] [12] [13] [14] .
In this paper, we present a CPW-fed U type monopole antenna for UWB operations. Details of the antenna design are described and simulation results are presented and discussed. The simulated return loss shows that the proposed antenna achieves an impedance bandwidth ranging from 3.08 GHz to over 12.75 GHz. The proposed antenna presents omnidirectional patterns across the whole operating band. Figure 1 shows the geometry of the proposed CPW-fed U type monopole antenna. This antenna is printed on FR4 substrate of 0.8 mm thickness with relative dielectric constant ε r = 4.4. The total size of the antenna including ground plane is 14.48 mm×28.74 mm. A 50 ohms CPW transmission line, having a single strip of width W c = 1.5 mm and a gap of distance g1 = 0.3 mm, is used to excite U type-loaded. There are two slots near point A where the 50 ohms CPW transmission line is connected with a radiation element for enhancing impedance matching. By selecting proper parameters the proposed antenna, it is found that return loss of the proposed antenna has good impedance matching. The singled-layered, CPW-fed structures and small total size makes the proposed antenna easy to integrate with RF front end. The parameters of the proposed antenna are given in Table 1 . 
ANTENNA DESIGN

Geometry of the Proposed Antenna
Frequency-Domain Performances of the Proposed Antenna
The simulation results were obtained by using High Frequency Structure Simulator (HFSS) [22] . Figure 2 shows the return loss curve for the proposed antenna, the bandwidth covers the frequency range from 3.08 GHz to 12.75 GHz with the return loss less than −10 dB. The simulated radiation patterns at 4 GHz, 7 GHz, and 9 GHz are shown in Figure 3 . From the 3D view of the antenna radiation pattern we can see that the main beams are shifted toward to the Y -axis slightly. In the H plane, the proposed antenna shows an omnidirectional radiation characteristic across the whole operating band, but larger fluctuations appears in the E plane. They deteriorate because the equivalent working area is different in the wide operation frequency. Of course, the seriously unequal phase distribution and larger magnitude of high order mode at higher frequencies on the slot are not improved also play a part in the deterioration. Furthermore, Figure 4 shows the antenna gain against frequency of the proposed antenna. The simulated gains of proposed antenna within the operation frequency bands range from 1 dBi to 5.3 dBi.
Parametric and Geometry Studies of the Proposed Antenna
Based on this design, some sensitive dimension parameters will be studied numerically in order to know the influence of these parameters on the antenna's input performance. In the numerical simulation, only one parameter was varied every time, whereas the others were kept constant.
The effect of varying L1 on the input performance is plotted in Figure 5 . It seems that the greater the length, the wider the lower frequency band in the vicinity of 3.1 GHz, a starting frequency of UWB antennas. However, we should consider both the small volume and the impedance bandwidth. Thus we selected L1 = 15 mm. As shown in Figure 6 , the small changes in the spacing between edge of ground plane and U type-loaded (g2) has an effect on the impedance matching of the proposed antenna. The reason is that the extended reinforced capacitance that results from the spacing between edge of ground plane and U type-loaded cancels the inductance of the antenna. Antenna with the rectangular ground (AWRG).
We also compared two different antennas ( Figure 7, Figure 8 ) with the proposed one. Both side edges of the ground plane were constructed in a part of a circular shape to reduce the beam tilting and obtain wide bandwidth in the proposed antenna. But in order to make the simulation accurately, we still reserve a rectangular part of the ground.
As shown in Figure 9 , we can see that the rectangular ground made the return loss at the central frequency band deteriorative. And the additive patches B and C were used to further improving the in-band antenna matching. 
CONCLUSIONS
An ultra-wideband (UWB) U type monopole antenna fed by a coplanar waveguide (CPW) is proposed. The return loss, radiation patterns and gain of the antenna have been investigated intensively. From the above results, it may be concluded that the proposed antenna is compact with the maximum size is 14.48 mm by 28.74 mm. The simulated return loss of proposed antenna is from 3.08 GHz to 12.75 GHz. In the H plane, the proposed antenna shows an omnidirectional radiation characteristic across the whole operating band. Its compact size and UWB performance make the proposed antenna useful for broadband wireless communication systems such as a UWB system.
